In the 1950s Staphylococcus aureus 80/81 caused a pandemic of outbreaks of pustulosis and abscess formation in newborns (5, 8, 10, 35, 37, 44) . These epidemics have ceased with better means of infection control (2, 12, 13, 30, 45) . Recently, however, group II organisms have been reported to produce sporadic nursery outbreaks (1, 3, 4, 14, 22, 34) characterized by bullous impetigo, erythema, and the scalded skin syndrome (28) . These dermal disorders are related to the production of an exfoliatin toxin (7, 23, 27, 28) which in the newborn mouse can cause a characteristic separation of cells at the midepidermal junction (7, 23, 27) , allowing skin to be readily denuded with gentle pressure (24, 25, 46) . By use of the newborn mouse model, a heat-labile protein responsible for exfoliation has been isolated (16, 18, 27, 32) from culture fluid supernatants of S. aureus strains associated with scalded skin syndrome. The generation of this protein is plasmid mediated (41, 42) . The same plasmid also carries genetic information for bacteriocin production (15, 19, 26, 31, 39, 40, 43) . Cultivation at 44°C eliminates this plasmid. A second exfoliatin has been described which is chromosomally mediated and heat stable (20, 36) . These two exfoliatins, although having the same molecular weight and isoelectric point, are antigenically distinct. They are now called exfoliatins B (ETB) and A (ETA) (ETB, heat labile and plasmid induced; ETA, heat stable and chromosomally mediated) (43) .
Production of toxin is not exclusive to phage group II strains (20) , and epidemics of scalded skin syndrome have occurred with organisms other than group 11 (6, 9, 11) . While toxin ETA and ETB have been shown to be responsible for isolated cases of staphylococcal pustulosis complicated by exfoliation, the full extent of their importance in outbreaks of pustulosis in the newborn has been only briefly investigated (1, 3, 4, 14, 22, 34) . In this study we show that ETA-producing strains of different phage types dominated two different nursery outbreaks of pustulosis. These same strains could not be found in personnel caring for these children. In contrast, they were found in the inanimate environment and they are believed to be the source of the continued epidemic. The importance of this observation is discussed.
MATERIALS AND METHODS
In nursery A systematic prospective surveillance for pustular disease of the newborn has been occurring since 1980. In nursery B active surveillance began in September 1982 when an outbreak of pustulosis was noted. These two nurseries are separated geographically by about 50 miles and have never shared patients. All pustules occurring in hospitalized neonates were cultured for the presence of S. aureus. Physicians caring for children discharged from the nursery were regularly asked to report children who developed pustulosis after discharge. All Rabbit antisera. Albino rabbits (2 to 3 months old) were immunized with protein antigens described in this paper. Antigen (0.5 ml) mixed with equal volumes of Freund incomplete adjuvant (Difco) was injected subcutaneously. A booster dose with adjuvant was given after 7 to 10 days. Antigens were then administered each week intravenously starting at 0.05, 0.1, 0.2, 0.4, 0.6, and finally 0.8 ml. Animals were bled by cardiac puncture 7 days after the last injection.
Isoelectric focusing. Concentrated culture filtrates were analyzed for their protein constituents by isoelectric focusing using the Ampholine-polyacrylamide gel plates pH 3.5 to 9.5 (LKB, Bromma, Sweden). A (Table 1) . Of these infants, 10 had to be rehospitalized for a total of 55 days for treatment of their pustulosis shortly after being discharged from the hospital. Seven additional neonates required hospitalizations of greater than 7 days after they were born (average, 11 days). Children infected with these strains demonstrated extensive bullous impetigo, with multiple sites of involvement. Of 46, 2 had typical scalded skin syndrome. In contrast, of 31 children infected with other phage group strains, 1 child was readmitted to hospital for treatment of a positive blood culture which proved to be a procurement contaminant, and only 1 child was treated for extensive pustulosis. The average pustule score was low (Table 1) .
In Nursery B, 51 of 2,384 newborn infants developed S. aureus pustulosis (2 of 100 live births) over an 11-month period (Fig. 2) . The dominant epidemic strains belonged to phage group II and typed as 3A/3C/55/71 (8) or 3A/3C/55 (7). A total of five children infected with the group II strains in nursery B also had to be rehospitalized for treatment of extensive pustular disease ( Protein patterns produced by isoelectric focusing of culture filtrates of pustulosis strains isolated from babies in nurseries A and B. Protein A is purified protein A (Pharmacia). T55 antigen is the toxic shock antigen (kindly given to us by M. Bergdoll). NS is a highly antigenic protein common to most S. aureus strains. Note the second band with ETA. This represents NS as described in the text. RW1001 and UT002 are reference strains which make ETA and ETB. Nursery A and nursery B strains are from representative isolates from each nursery which were making ETA as indicated by the arrow. Strain K6 produced only minimal quantities of ETA when grown in chemically defined media but produced detectable amounts when grown in medium containing heart infusion dialysate. Protein patterns of epidemic strains in both nurseries. Evidence supporting the importance of ETA protein in the epidemic. In preliminary studies, culture filtrates of representative strains were analyzed by isoelectric focusing to study the protein patterns of pustular strains. The 1046/1116 strain produced considerable amounts of a protein which we suspected was ETA with an isoelectric point of 6.8 (Fig. 3) . On careful inspection of the isoelectric focusing gel, a second protein could be seen which focused at about the same pH. This protein is called new substance (NS). These two proteins were purified by preparative isoelectric focusing as described with a representative 1046/1116 strain. These two proteins were difficult to separate to great purity by this technique. Nonetheless, semipurified material was injected into rabbits, producing an antiserum which demonstrated two bands on immunodiffusion (anti-ETA and anti-NS) when tested against proteins that focused at pH 6.8. To distinguish anti-ETA from anti-NS, we found another group II strain which lacked exfoliatin activity in the newborn mouse model but which had one distinct protein at pH 6.8. Individual proteins in 1,000 ml of culture filtrate of this strain were separated by preparative isoelectric focusing. The material focusing at pH 6.8 reacted with our bivalent antiserum, producing only a single band on immunodiffusion. This protein proved to be NS. It was then used in immunodiffusion plates as a reference protein to enable us to distinguish between precipitin lines due to NS and those due to ETA when we tested unknown culture filtrates or purified proteins for presence of ETA activity using our bivalent antiserum.
Culture filtrates from all available S. aureus isolates from infants with pustulosis were prepared as described, and their protein composition was analyzed by isoelectric focusing. Clustered epidemic strains 1046/1116 and all 1116 strains from nursery A, all 3A/3C/55/71 and 3A/3C/55 strains in nursery B, and other group II strains in both nurseries were found to possess a strong band at pH 6.8 (Fig. 3) . Culture filtrates from these strain's were then tested in immunodiffusion assay for evidence of ETA protein. All newborn mouse assay for exfoliatin activity or in antigen assay against antisera ETA. This suggested that it was ETA, which is known to be a heat-stable exfoliatin (19, 20, 31, 33, 43) . To prove this, we obtained representative ETA and ETB strains from R. L. Warren and M. Rogolsky. Our strains showed lines of identity to strains that were known ETA-bearing organisms. We had also isolated a phage group II strain from a 1-year-old child who had acute tonsilitis characterized by extensive exfoliation about the lips, chin, neck, and face. This strain also had a protein that focused at pH 6.8. This protein was similarly semipurified by preparative isoelectric focusing and an antisera was produced. This antisera also contained two precipitin bands. One line proved to be anti-NS. The other band proved to be ETB when tested by immunodiffusion against known ETB strains. This antisera failed to detect any ETB-bearing strains isolated from any of the infected children or colonized personnel in either nursery.
Purified ETA was also subjected to polyacrylamide gel electrophoresis to determine the molecular weight of the protein. The protein has a molecular weight of 32,000 (Fig.  4) .
Bacteriocin assay. All ETA-bearing strains failed to produce bacteriocin when tested against reference strain 502a.
Search for the source of the epidemic strains. During the major epidemics in both nurseries, cultures were taken from 458 personnel and 206 noninfected infants to try to find the source of the epidemic strains. An epidemic strain was found in only one person in nursery B and in one infant without pustulosis, despite isolation of numerous S. aureus organisms from noninfected personnel and infants (Table 4) . A few individuals did however carry nonepidemic group II organisms. Not all of these cultures were available for study. However, when available strains were analyzed by isoelectric focusing and tested for the presence of ETA antigen (Table 5 ) using our ETA antisera, no ETA-bearing strains were found except in one nurse who had a paronychia. In this nurse, the group II strain was not the same as the epidemic strain as determined by its pattern in isoelectric focusing (Table 5) .
In contrast, cultures of the inanimate environment of nursery A and nursery B were found to harbor the epidemic strains. In nursery A in two repeated instances 1046/1116 colonized an ophthalmoscope that was used to examine all newly admitted neonates to one of the nursery rooms. In another instance it was found to be present on a stethoscope bell that was used by many physicians to examine newborns just admitted to the nursery. In a third instance it was found contaminating a common laundry cart. In nursery B the epidemic strains 3A13C155M1 and 3A/3C/55 were found colonizing the entire air duct system going into the nursery rooms (Table 6 ). Culture filtrates of these environmental strains from both nurseries were tested by isoelectric focusing and found to contain a protein with pH 6.8 (Fig. 5) , which proved to be ETA by immunodiffusion analysis. The association of ETA strains with the environment is striking in contrast with its lack of association with noninfected infants and personnel. Thus, 11 of 13 environmental strains produced ETA, in contrast to 2 of 42 isolates that were available for study from noninfected personnel and infants (Table 5) . DISCUSSION The appearance of epidemics of pustulosis in the newborn continues to be a major public health problem. In this study, we describe two separate nurseries which had cluster outbreaks of pustulosis. In nursery A, a strain which typed with an experimental phage, 1046/1116, dominated one epidemic, while in nursery B, two strains, 3A/3C/55 and 3A/3C/55/71, appeared ( Fig. 1 and 2) . In nursery A, two other outbreaks appeared in small clusters. These clustered outbreaks were superimposed on a background of pustulosis due to many different phage types. Characteristically, the strains for these clustered epidemics produced a heat-stable protein which we have shown to be an exfoliatin toxin. These strains reacted with antisera developed in our laboratory to ETA. These strains failed to make bacteriocin. All these features indicate that these strains were characteristic of ETAproducing S. aureus.
Epidemics of pustulosis in newborns due to exfoliatin toxin-bearing strains have begun to appear in recent years. Two outbreaks caused by phage type 71 strain have been described, afflicting 14 infants in one study and 3 infants in another nursery (14) . Light et al. (22) described an outbreak of bullous impetigo in 19 children due to a strain that lysed with phage type 3B/3C/55/71. Outbreaks due to 3B/71, affecting 34 infants in one nursery (1) and 11 infants in another nursery (34) have also been described. Recently Curran and Al-Salihi (6) described a massive nursery epidemic of scalded skin syndrome attacking 68 newborns in a short time. The epidemic strain was found to type as 29/79/80/3A/3C/54/75. Another epidemic has been found to be due to 42E/54/75 (11) . In these outbreaks, the exfoliatin toxin has never been typed, nor have the proteins produced by these strains been studied in any great detail. In the outbreak described by Anthony et al. (3) , their strain produced bacteriocin, which is a property of ETB. Piemont et al. (29) recently described a sporadic epidemic involving 14 infants due to ETA-producing strain 55/71 and another sporadic outbreak involving six infants on an obstetrical unit due to ETA-producing strain 3A/3C. To our knowledge, our epidemics represent the clearest documentation of the role of ETA-producing strains in newborn pustulosis.
Children infected with epidemic strains clearly had more severe infections, with several areas of skin involved with bullous impetigo. However, in nursery A only a few children actually had the full-blown scalded skin syndrome or erythema so characteristic of the expanded clinical illness produced by exfoliatin-producing strains in the past. This may be due to early detection and treatment of pustulosis which minimized toxin production. The absence of the scalded skin syndrome and the late onset of infection in children from nursery B may well be due to the reduced amount of toxin produced by strain 3A/3C/55/71 in contrast to strain 1046/1116. In our search for the origin of these strains, a significant number of personnel and infants were found with S. aureus in nasopharyngeal and skin cultures, but the epidemic cluster strains could not be found despite over 600 surveillance cultures. Much literature on staphylococcal pustulosis of the newborn stresses the importance of personnel in carrying epidemic strains (5, 12, 13, 30, 45) . These studies, most of which were done between 1950 and 1970, involved epidemics of phage group I strains. It was shown that these strains could readily colonize infants although disease was often not seen. These strains were transmitted readily by the hands of personnel from one baby to another. In a recent study, it was suggested that crowding and understaffing were mostly responsible for nursery outbreaks (13) . What was so surprising to us was the finding that ETA-producing strains dominated the inanimate environment in both nurseries. Of the 141 environmental surveillance cultures, 13 were found to have S. aureus, of which 11 were the epidemic strains and all were ETA producing. The tenacity of these strains to colonize the environment was particularly apparent in nursery B, where the air ducts to this nursery were found to be colonized with these strains. The association of ETA production with the ability to colonize the inanimate environment is a new finding. Our nurseries are not geographically related. Nonetheless, only ETA-producing strains were found (Fig. 5) to VOL. 23, 1986 on July 6, 2017 by guest http://jcm.asm.org/ Downloaded from be associated with clustered epidemics of pustular disease. ETA-bearing strains may be more common than suspected as causes of epidemic neonatal pustulosis. Since we have found the inanimate environment to be a source of epidemic strains, we now control new cases of pustulosis differently. First, we phage type all strains of S. aureus producing pustulosis. If any bullous impetigo or scalded skin syndrome appears, we immediately increase awareness of hand washing among our personnel. We also close the room in which new cases are appearing. Environmental cultures are taken and we terminally clean the entire room, including all instruments. We have also instituted a policy of alcohol swabbing all common instruments in our nurseries daily, as these instruments may carry organisms to our neonates. We are pleased to note that with the introduction of these measures, we have successfully eliminated epidemic clusters.
